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Improvements in or relatxng to sensor davlcea for monitoring 
tho condition of a h uman or animal patient ^ 

The invention relates to sensor devices for clinical use 
and in particular to sensor devices for monitoring the 
5 concentration of one or more analytes in human or animal 
patients. 

The measurement in blood or other bodily fluids of 



CL 
O 

o 



certain analytes, for example, dissolved oxygen, carbon Ul 

dioxide and hydrogen ions (which may be expressed as partial ^ 

10 pressure of oxygen and carbon dioxide, (referred to hereafter ^ 

> 

as p02 and pCOz respectively) and as pH) , can be important ^ 

Li- 

during surgery, post-operatively and during hospitalisation jj^j 

LiJ 

under intensive care, in certain known forms of sensor CD 
device, a probe can be placed in the patient, for example in 

15 a blood vessel, in other bodily fluid or in tissue. The 
probe may contain indicators, for example absorption and 
fluorescent indicators, which are arranged to provide data 
regarding certain analytes in the fluid or tissue, and to 
transmit that data to a base unit which in use of the sensor 

20 device is located outside the patient' a body- One such 

sensor device r based on optical detection means, is known as 
the Paratrend Continuous Blood Gas Monitor available from 
Diametrics Medical Limited of High Wycombe, England^ and can 
measure p02, pCO^ and pH- Analyte concentrations in vivo 
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can also be determined non-optlcally, for example, using 
electro-chemical sensors , 

In certain circumstances, and in particular where fine 
and/or delicate probes are used in tissue or in 
5 cerebrospinal fluid, the probes may be exposed to 

unacceptable stresses, resulting in kinking, compression or 
breakage of the probe. Those stresses may arise on 
insertion of the probes, for example into muscle or other 
dense tissue, on usage, for example as a result of patient 
10 movement or muscle contraction at the site of use, or on 
withdrawal of the probe after use. 

Accordingly, there is a need for sensor devices which 
have sufficient strength to withstand more effectively the 
stresses to which they will be subjected in use, 
15 The invention provides a sensor device for use in a human 
or animal, comprising a probe within which there is located 
a sensor for an analyte, the sensor device comprising a mesh 
structure enveloping at least a portion of said probe. 
The mesh structure is able to provide strength to the 
20 sensor structure whilst nonetheless offering good 

flexibility characteristics and permitting access of 
analytes to the probfe and to the sensor or sensors therein. 
It is believed that the strength of the mesh-enveloped 
sensor device arises at least in paj-t from the way in which 
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a mesh structure spreads a locally applied load. 
Furthermore/ the mesh structure can eliminate the 
possibility of breakage of the sensor device on retraction. 
Many mesh structures are, as a consequence of their 
5 structurer expansible. That can offer particular advantages 
in manufacture of the sensor devices in that the mesh 
structure can allow for a void of relatively large diameter 
to be adopted for insertion of parts during construction of 
the sensor whilst permitting a smaller diameter to be 
10 adopted thereafter in which the strengthening 

characteristics of the mesh structure are optimally 
utilised. 

The mesh structure advantageously comprises a plurality 
of filaments r and preferably a multiplicity of filaments. 

15 The term *^f ilaments'' is used herein to refer to any elongate 
strand irrespective of its cross-sectional configuration and 
structure, and Includes for example strands of flat cross- 
sectional configuration which might be referred to as 
'^strips'' or '"ribbons". Advantageously r the filaments are 

20 strips of elongate cross-section. Advantageously, the 

strips have a depth of not more than 100 \m, for example, 
from 5 to 100 ym, and preferably from 10 to 15 pm. 
Advantageously, the strips have a width of not more than 50 
um. Advantageously, the strips are of width from 5 \m to 
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50 um. 

Advantageously, the mesh structure comprides a plurality 
of helically wound filaments^ at least a first said filament 
extending helically in the opposite sense to at least a 
5 second said filament, Preferably^ the mesh structure 

comprises a first group of filaments, for example strips, 
extending in a first helical sense, and a second group of 
filaments, for example strips, extending in a second helical 
sense, opposed to the first. The pitch between adjacent 

10 windings of each filament or, where there is a group of 

filaments, between adjacent filaments is so chosen that the 
open area not occupied by filaments is approximately from 
0.3 to 0.7 cm^ per cm^ of the mesh structure, for example, 
about 0.5 cm^ per cm^ of the mesh structure in at least a 

15 region of the mesh structure in the vicinity of a sensor 
within the device. Preferably, the helical filament (s) 
extending in a first helical direction is/are interwoven 
with the helical filament (s) extending In a helical 
direction opposed to the first. 

20 Preferably, the mesh structure comprises a multiplicity 
of interwoven filaments. In another form of device, the 
mesh structure comprises a knitted mesh. 

In some circumstances, first and second filaments may be 
joined to one another at points of overlap therebetween. 
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Advantageously,- points of overlap between filaments are 
welded. Although attachment of the filaments at points of 
overlap may reduce the flexibility of the sensor device, it 
may improve the dimensional stability of the mesh structure 
5 and thus of the sensor device, providing increased strength 
in use. 

Advantageously, the mesh structure coir^rises filaments 
comprising a metallic material- For example, the filaments 
may comprise metallic ribbon. Advantageously, 
10 the filaments comprise at least one metal selected from the 
group consisting of stainless steel, titanium and gold. 
Preferably, the filaments comprise a metallic core coated by 
a plastics material. 

The mesh structure may comprise filaments of plastics 
15 material, for example, a synthetic polymer material selected 
from the group consisting of polyamides, polyesters, 
polyurethanes/ polyolefins and f luoropolymers , for example, 
polytetraf luoroethyletle (PTFE) . 

Advantageously, points of contact between filaments are 
20 fixed, for example welded. 

Advantageously, the mesh structure is constructed from 
monofilaments. If desired, the mesh structure can be 
constructed of multifilament yarns. Preferably / 
the mesh structure is a braid. 
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Advantageously/ the mesh structure defines an open area 
between adjacent filaments which constitutes at least 30% of 
the total surface area of the mesh (including the openings). 
It is a simple matter for the skilled person to select an 
5 appropriate weave pattern and density for achieving a 

desired magnitude of open area, and taking account of the 
width of the filaments to be used. 

preferably, the permeable material of the matrix extends 
at least partially into the openings. More preferably, the 
10 permeable material substantially fills the opening, whereby 
the mesh structure and the permeable material filling said 
openings define a substantially smooth outer surface of the 
sensor device. 

Preferably, the mesh structure is a mesh sleeve. 
15 Advantageously, the external diameter of the mesh sleeve is 
from 0.5 to Inm. 

Preferably, the mesh structure has a resistance to 
kinking and breakage which is such that the sensor device 
will not normally be subject to kinking or breakage when 
20 inserted . into myocardial tissue and subjected to normal 
contractions thereof. 

Advantageously, the mesh structure comprises first and 
second analyte sensors embedded in the matrix, the matrix 
being permeable to at least first and second analytea to be 
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determined respectively by said first and second sensors. 
Advantageously, the sensor device comprises a sensor for 
determining at least one parameter selected from pOzr PCO2 
and pH, Preferably^ the device comprises a first sensor for 
5 pOif a second sensor for pCOa and a third sensor for pH. 
Advantageously, the sensors are optical sensors. In a 
particularly advantageous embodiment/ there is a first 
sensor comprising a chemical fluorescence indicator that is 
sensitive to oxygen, a second sensor comprising a chemical 

10 absorption indicator that is sensitive to carbon dioxide, 
and a third sensor comprising a chemical absorption 
indicator that is sensitive to hydrogen iona. 

Advantageously, the device further comprises a 
temperature measurement device, for example, a thermocouple. 

15 The sensor device may be used in blood vessels for 

monitoring blood analytes or may be used in tissue ^ for 
example in muscular tissue or in organs. The strength of 
the device makes it suitable for use even in muscles which 
can be subjected to strong contractions, including the 

20 myocardium, or in bodily fluids or tissues to which access 
can be obtained only through relatively dense tissue, for 
example, where the device is required to be sited in 
cerebrospinal fluid. 
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As already mentioned, it is preferable for the mesh 
structure to be in the form of a sleeve. Preferably, the 
diameter of the sleeve may be reduced by applying tension to 
the sleeve in the axial direction. Such structures offer 
5 particular advantages in manufacture of the sensor device in 
that the sensors, which may comprise one or more analyte 
sensors and one or more sensors for physical parameters, for 
example, teir«»erature, may be inserted through a proximal end 
of the tube whilst the tube diameter is relatively large, 
10 and tension may subsequently be applied axially to the tube 
so as to collapse it around the bundle of sensors. The 
distal end of the mesh structure may then be closed, for 
example, with a polyethylene plug which may be heated to 
permit joining thereof to the mesh structure. The void 
15 spaces within the mesh structure, including between the 

filaments of the mesh structure itself may then be filled by 
a filling material that is permeable to the analyte (s) to be 
determined, for example, by a hydrophilic gel. As 
hydrophilic gel there may be used any suitable hydrophilic 
20 gel that will permit the transport of hydrogen ions and the 
dissolved gases to be detected. Suitable hydrogels include, 
for example, carboxymethylcelluloae gels and, especially, 
polyacryl amide gels. The use of hydrogels, in particular, 
polyacrylamide gels, as a matrix in blood gas sensors is 
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known and the gels can be incorporated in the sensor devices 
of the present invention by means analogous to those known 
and used for the manufacture of the known sensor devices. 

Advantageously^ the mesh sleeve is arranged to have an 
5 external diameter of 0.5 to 1 mm in the sensor device, and 
to have an expanded external diameter of exceeding 1 mm^ for 
example^ of at least 1.5 mm. 

Thus, the invention also provides a method of making a 
sensor device, comprising maintaining a mesh sleeve in a 

10 first, expanded, configuration, inserting one or more 

sensors into the mesh sleeve in said expanded configuration, 
causing the mesh sleeve to adopt a second, contracted 
configuration in which it has a smaller internal diameter 
than in the first configuration, and closing at least a 

15 distal end of the mesh sleeve to enclose the sensor(a). 

Preferably/ the mesh structure and enclosed sensor (s) are 
subjected to a treatment in which a gel is formed in void 
regions., inside the mesh sleeve and in open regions of the 
sleeve itself, 

20 The invention further provides a method of monitoring 

myocardial tissue, comprising inserting into the myocardium 
of a patient a flexible sensor probe comprising a housing 
and a sensor therein for at least one analyte and monitoring 
the at least one analyte. Advantageously, at least one 
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analyte comprises one or more blood gases. The 
concentration of blood gases and especially oxygen in 
myocardial tissue provides valuable information regarding 
the efficiency of myocardial perfusion and may be 
5 particularly advantageous during cardiac or coronary surgery 
and post'-operatively when it can give early warning of the 
failure of perfusion or of the failure successfully to 
reperfuse following surgery. 

The use of rigid sensors in the myocardium is known in, 

10 for example/ the Khuri myocardial pH monitoring system made 
by Terumo Cardiovascular Systems Corporation of Tustin 
California and in a device described in Clinical Science 
(2000) 98, 321-328 (^"Myocardial tissue oxygen supply and 
utilisation during coronary artery bypass surgery: evidence 

15 of microvascular no-reflow") , In contrast to the rigid 
structures described in those prior disclosures, however, 
the method of the present invention in which a flexible 
sensor probe is used provides for greater selectivity in the 
siting of the sensor probe within the myocardium, in some 

20 cases possibly also reducing the disruption and/or damage to 
imiaediately surrounding tissue. In the method Of the 
invention any suitable form of sensor (s) may be used. 
Advantageously, however, there is present in the probe one 
or more analyte sensors which are optical sensors » 
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Certain illustrative embodiments of the invention will 
now be described in detail with reference to the 
accompanying drawings, in which: 

Fig. 1 is a perspective view of a probe of a sensor 



5 device according to the invention; 

Fig. 2^ is a longitudinal section through an end portion 
of the probe; and 

Fig. 3 is a transverse section through an end portion 
of the probe. 

10 With reference to Fig. 1, a sensor, device 1 has a probe 

which is suitable for insertion into a blood vessel or into 
tissue. The probe has a matrix 2 of a hydrophilic gel, for 
example, a polyacrylamide gel. Embedded in the matrix 2 are 
a first optical sensor 3 for determining oxygen partial 

15 pressure (PO2) , a second sensor 4 for determining carbon 
dioxide partial pressure (pCOj) , and a third sensor 5 for 
determining pH. The matrix 2 is permeable to hydrogen ions 
and to oxygen and cartoon dioxide. The matrix 2 is partially 
enveloped by mesh structure €, which is made up of two 

20 groups 7/ 8 of helically wound metal ribbons. A first group 
1 of said helically extending metal ribbons has three 
equally spaced ribbons 1^, 7^^ and 7^^^, The second group 8 
of ribbons has three equally spaced ribbons 8^, 8^^ and 8^^^. 
Each ribbon 7^ 7^^ and 7"^ alternately overlies and 
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underlies the ribbons of group 8 at points of overlap so as 
to form an essentially woven sleeve. The groups 7, 8 of 
filaments define a mesh structure having openings 9/ each of 
which has a diameter of about 0.7inm. (The diameter in 
5 relation to the openingsr when not circular, is to be taken 
to be the largest distance between two separate points on 
the perimeter of the opening) . 

The openings 9 are filled with hydrophilic gel, which 
is integral with the rest of the matrix 2, 

10 Referring to Fig. 2, the ribbons of group 7 overlie or 

underlie the ribbons of group 8 at points of overlap 10. 
The ribbons may^ if desired, be welded together at the 
points 10, but are not welded in the erobodiinent shown. 

Fig. 3 is a transverse section through the embodiment 

15' of Figs. 1 and 2. 

The probe can be inserted into a blood vessel in known 
manner through a catheter. It can also be inserted into 
soft tissue, for example, into muscular tissue or an organ. 
It may be introduced using a needle, for example, of the 

20 kind disclosed in WO 01/78588. The mesh imparts strength to 
the sensor device^ and enhances resistance to kinking. It 
can also prevent disintegration of the probe when the probe 
is retracted from the patient, and provides support to the 
sensor device on insertion. Moreover, when the sensor 
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device is used in regions in which it will be subjected to 
significant stresses, the mesh structure can prevent kinking 
and breakage. By way of example, the mesh structure may 
prevent damage resulting from movement of the patient. It 
5 is in particular envisaged that the sensor device of the 
invention will offer advantages when used to monitor 
myocardial function, where the probe may be subjected to 
severe stresses as a result of the strong systolic 
contraction of the myocardium. 
10 in accordance with the invention, there is at least one 

sensor located within the probe. In use of the device of the 
invention, the probe, and the sensor within it, are 
positioned within the body of the patient. That allows 
monitoring of an analyte or analytes to take place in situ 
IS within the body, for example continuously, without 

withdrawal from the body of fluid to be analysed, although 
it will be appreciated that the additional withdrawal of 
fluid samples, though the probe or otherwise, for analysis 
is not excluded. 
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